Background: Blunt chest trauma is the third most important injury in patients with multiple trauma, thus the appropriate diagnosis is critical. Although chest X-rays (CXRs) are the most common diagnostic method, the physician should detect the imaging necessity and modality. Accordingly, NEXUS chest and thoracic injury rule-out criteria (TIRC) have been developed to prevent unnecessary radiographs in traumatized patients. Objectives: In this study, the diagnostic accuracy of these two guidelines was compared in patients with multiple trauma. Methods: In this cross-sectional study, eligible patients with chest blunt trauma, who referred to the Emergency Department of Imam Hossein Hospital from July 2016 to March 2018, were recruited. Demographic data, trauma and clinical information, and radiographic reports were recorded and the necessity of CXR was determined based on NEXUS chest and TIRC. Finally, the sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) were also calculated for NEXUS chest and TIRC.
Background
Injuries are one of the top 10 leading causes of mortality and morbidity, responsible for annual death of about 5 million victims worldwide (1, 2) . Reports from the United States indicated an increasing trend in the frequency of trauma (3); meanwhile, it serves as a critical health issue in middle-and low-developed countries, mainly due to the high rate of road traffic injuries (4, 5) . In Iran, trauma is ranked second in all-cause mortality (6) .
Among injuries to different parts, chest injury, an important predictor of early death (7) , is present in one-third of injury admissions and responsible for 25% -50% of trauma-related death (8, 9) . Chest trauma may be penetrating or blunt, associated with pneumothorax, hemopneumothorax, hemothorax, flail chest, the involvement of the major vessels, or diaphragm and early diagnosis is an important factor of outcome (10, 11) . Chest X-ray (CXR), based on the Advanced Trauma Life Support ® manual, is the first line diagnostic tool (12) . Although chest radiographs can appropriately evaluate breathing difficulties and position of tubes (13) , the dependency of its diagnostic accuracy to the interpreter (14) , in addition to the risk of irradiating radiosensitive tissues and organs, such as thyroid, resulted in suggestion of more accurate instruments, including computed tomography (CT) (15) (16) (17) and ultrasonography (18) (19) (20) (21) (22) . However, due to the time-consuming nature and controversy on the choice of imaging technique, it is suggested that clinicians divide patients into low-and high-risk group, to determine which patient requires ur-gent treatment and which patient should undergo which imaging modality (23) . This decision, can not only save the lives of patients requiring urgent treatment but also reduce the rate of unnecessary CXR (24) . One of the instruments suggested to help clinicians for a correct decision is NEXUS chest with high sensitivity (98.8%), but with low specificity (13.3%) (25) . Thoracic injury rule-out criteria (TIRC) is another instrument, suggesting different criteria with high sensitivity and specificity, to detect the necessity of CXR in chest trauma patients (26) . Further research comparing these two instruments has shown that TIRC has a high specificity, higher than NEXUS chest, designed to detect major injuries by CTDI criteria (abnormal CXR, distracting injury, tenderness in the chest wall, sternum, thoracic spine, and scapula) with a sensitivity of 99.2% (27, 28) . However, none of these instruments are commonly used by clinicians. Further research on the diagnostic accuracy of these instruments can take one step toward determining the superior instrument and help introduce it to the clinical setting.
Objectives
This study aimed to determine the diagnostic accuracy of these two guidelines (TIRC and NEXUS chest) in patients with multiple trauma.
Methods
The present cross-sectional analytical study aimed to compare the diagnostic accuracy of NEXUS chest with TIRC in patients with multiple trauma. The protocol of the study was approved by the Ethics Committee of Tehran University of Medical Sciences (code: 92-01-38-21411). The study population consisted of all patients with accidental multiple trauma who referred to Imam Hossein Hospital from July 2016 to March 2018, recruited according to the inclusion/exclusion criteria, based on convenient sampling method. This hospital is one of the medical centers of Tehran with the highest number of EDs in the city and about 2000 ED admissions per month. The sample size was calculated, considering a 95% confidence interval (95% CI), α = 0.05, the power of 90% for two models of outcome prediction, at 1150 cases. All patients over 15 years old with accidental multiple trauma and stable conditions were recruited to the study and patients with incomplete records, unstable conditions, penetrating trauma, class III or IV shock, inability to perform CXR, or patients who required immediate surgical interventions or passed away, pregnant and lactating mothers were excluded from the study.
The study objectives were explained to the eligible patients and they were asked to sign the written informed consent for their participation in the study. This study was in compliance with Helsinki's declaration on human studies. Then the demographics, including age and sex, mechanism of trauma, consciousness level, Glasgow coma scale (GCS), and clinical findings of physical examination of the chest, including distracting pain, chest pain and tenderness, tachypnea, dyspnea, thoracic deformity, crepitation, reduced pulmonary sounds, abdominal/midline tenderness, radiologist's report of posterior-anterior (PA) CXR, medications, and paresthesia were recorded in the data collection checklist by an ED resident.
The necessity of CXR was determined based on NEXUS and TIRC items. The TIRC scores were considered positive for a traumatic chest injury if at least one of the following criteria was positive: unstable vital signs, chest trauma, loss of consciousness, reduced pulmonary sounds, chest pain and tenderness, dyspnea, age > 60, and chest skin scar. The NEXUS chest scores were considered positive for a traumatic chest injury if at least one of the following criteria was positive: age > 60, the mechanism of rapid deceleration, chest pain or tenderness, substance abuse, loss of consciousness, the presence of distracting pain. Finally, the reference and gold standard of diagnosis was considered the radiologist's report and the diagnostic accuracy of NEXUS and TIRC were then compared with it.
All chest X-rays were interpreted by one radiologist who was blind to the study and the observed lesion was recorded on the checklist. Positive CXR findings, including hemothorax, pneumothorax, pneumomediastinum, mediastinal dilatation, subcutaneous emphysema, rib/clavicle/scapular fractures, and pulmonary contusion were recorded. For assessment of the accuracy of CXR reports, the reported results were re-evaluated by another radiologist and inter-rater reliability was calculated. After the end of the study, a random sample of 100 patients was contacted by telephone for follow-up, who were asked whether they had further problems. In this assessment, only one reported an undiagnosed rib fracture.
Statistical Analysis
Descriptive analysis, including frequency (percentage) and mean ± standard deviation (SD 
Results
In this study, 1925 patients with a mean age of 43.7 ± 9.16 years were evaluated (55% male), and the mean age of 153 patients (7.9%) was > 60 years. To confirm the radiologist's report, 5% of samples were re-evaluated by another radiologist, which resulted in inter-rater reliability of 98%. Based on the criteria described in methods, 36.8 patients (18.8%) had at least one of the described criteria and were suspected of having chest injury. Accordingly, there were 87 true positive cases, 1557 true negative cases, 275 false positive cases, and 6 false negative cases. The AUC in the diagnosis of chest injury was 89.27 (95% CI: 86.63 -91.91) (Figure 1 ). The sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of TIRC in the diagnosis of traumatic chest injury were 93.6%, 84.9%, 24.03%, and 99.6%, respectively. Based on the criteria described in methods, 974 patients (27.3%) had at least one of the described criteria and were suspected of having chest injury. Accordingly, there were 91 true positive cases, 949 true negative cases, 883 false positive cases, and 2 false negative cases. The sensitivity, specificity, PPV, and NPV of NEXUS in the diagnosis of traumatic chest injuries were 97.84%, 51.80%, 93.43%, and 99.79%, respectively (Table 1) . Comparing the diagnostic accuracy of TIRC and NEXUS chest models in the diagnosis of traumatic chest injuries showed no significant difference between the AUC of NEXUS s and TIRC (P < 0.001).
Discussion
The present study aimed to complete the previous study and evaluate and compare the diagnostic accuracy of the two instruments, namely NEXUS and TIRC, developed to reduce the rate of unnecessary radiographs in patients with chest trauma. Safari et al. (27) reported a similar study and recommended another survey with a larger sample (27) , which is lower than the present study; however, confirms the results of the present study implying that a great percentage of CXRs are unnecessary and can be reduced by using these criteria.
Before the introduction of NEXUS chest in 2011, several studies have suggested different clinical manifestations to rule-out the necessity of CXR for patients with chest trauma (24, (29) (30) (31) (32) , while none had been included into routine care. Therefore, NEXUS chest was developed as a 7-item criteria to introduce all important criteria as one instrument (25) , but one of the matters of concern is that it is also not perfect and different studies have reported different diagnostic values for them. As shown previously, the diagnosis of the trauma surgeon and ED specialist has a high diagnostic accuracy for the necessity of CXR (33, 34) . Therefore, we compared the results of NEXUS with physician's judgment and the results showed the sensitivity, specificity, PPV, and NPV of NEXUS in the diagnosis of traumatic chest injuries were 97.84%, 51.80%, 93.43%, and 99.79%, respectively. Safari et al. reported these values at 98.61%, 59.94%, 19.97%, and 99.76%, respectively (27) , which is close to the values obtained in the present study, except for PPV. Nevertheless, in the study validating NEXUS chest (Rodriguez et al., 2011) , the sensitivity and specificity of NEXUS were much lower (13.3%) than our study; however, the sensitivity and NPV values were close (98.8% and 98.5%, respectively) (25) This difference between the results of studies could be due to the different reference criteria used to compare the results with, as Rodriguez et al. used imaging, while we used the clinician's diagnosis as the reference criteria. In the present study, only 2 false negative cases (one pneumothorax and one hemothorax) were reported, which emphasizes the fact that although NEXUS is an appropriate instrument to reduce the unnecessary CXRs, it is also not perfect, like many other tests and the ultimate diagnosis should be made based on the clinician's judgment. Estimating the sensitivity, specificity, PPV, and NPV of TIRC in the diagnosis of traumatic chest injuries in the present study resulted in the following values: 93.6%, 84.9%, 24.03%, and 99.6%, respectively. Forouzanfar et al. (26) designed TIRC with 6 items (fewer items than NEXUS) as a more appropriate instrument. Further research on TIRC showed the sensitivity, specificity, PPV, and NPV values of TIRC at 98.95%, 62.70%, 21.19%, and 99.83% (27) , which are similar to the values obtained in the present study, while the same researchers reported a sensitivity of 100% for TIRC in another study (28) . These variations among studies can be due to the frequency of different chest pathologies of patients studied. For instance, of the six false negative cases of TIRC in the present study, three had pneumothorax and three hemothorax.
The results of the present study showed a similar diagnostic accuracy between NEXUS and TIRC, indicating both as appropriate instruments. The results of the study by Safari et al. showed a higher specificity for TIRC than NEXUS (27) , which was not consistent with the results of the present study; meanwhile, all parameters of TIRC were assessable in ED. Although we suggest that NEXUS chest requires subjective assessments such as the height of falling, velocity, and mechanism of trauma, Rodriguez et al. considered these parameters simple and part of standard trauma assessment. Therefore, we believe that TIRC seems a better instrument than NEXUS chest, suggested to be used in Iran, with a notably high rate of road accidents (6) .
Although the present study was conducted in a grand hospital and included a large sample size, one of the limitations of the present study was patient selection from one center, non-randomized recruitment of patients, and no control group for comparison, which increased the selection bias and the possibility of the effect of confounders on the results.
Conclusions
The present study's main objective was the comparison of two instruments developed to reduce the rate of unnecessary CXRs to determine the prior instrument and take a step toward paying more attention to these criteria. Unlike the previous studies (27) , the present study all of the radiographs could be interpreted by a radiologist. The results showed that both instruments had a high and similar diagnostic accuracy, while the authors believe that TIRC is more applicable in Iranian population, as it does not require the assessment of trauma mechanism and other subjective criteria, and is purely based on objective criteria. Despite the validation of these instruments in various studies, they are not included in the up-to-date guidelines in the trauma setting and not used by clinicians. Therefore, it seems necessary to increase physicians' awareness about the risks of CXR overuse and conduct more studies on these two modalities, taking the limitations of this study into consideration to help reduce the unnecessary costs, the workload of medical staff, and save patients' lives by providing time for implementation of appropriate treatment strategies.
